Abstract Complex two-level rotational malalignment of the lower extremity can cause maltracking of the patella with anterior knee pain. Double derotation osteotomy would correct the underlying pathology. However, it carries a high risk of complications such as nerve and vessel damage. We report a case of rotational malalignment in the femur and the tibia associated with trochlear dysplasia, which causes painful patellar instability. The patient was successfully treated with reconstruction of the medial patellofemoral ligament and lateral release. Although the malrotation was not addressed, the position of the patella was corrected, and no dislocation occurred during a follow-up of 10 months.
Introduction
Torsional malalignment syndrome of the lower extremity is the result of excessive medial femoral and lateral tibial torsion and can cause severe knee pain [26] . Most torsional problems of childhood (excessive femoral anteversion, internal or external tibial rotation) resolve with age [13] . Only a small percentage of older children and adults suffer from functional or cosmetic problems, which require surgical treatment [29] . The procedures consist of corrective osteotomies, in which the distal part of the tibia is internally rotated or the distal part of the femur is externally rotated. In severe cases, derotation osteotomies on both levels (tibial and femur) may be necessary [8] . Such two-level osteotomies have several disadvantages such as atrophy of muscular soft tissue, and the risk of non-union or nerve injuries [31] .
We report on the surgical treatment of a patient with combined femoral and tibial malrotation associated with trochlear dysplasia grade III who suffered from anterior knee pain and recurrent patellar dislocation.
Case report
A 15-year-old girl presented with an internally rotated distal femur and an externally rotated proximal tibia of her right leg. Severe anterior knee pain due to a complete patellar dislocation at full extension and permanent apprehension were her main complaints. First time dislocation occurred while stair walking at the age of 9 years without prior trauma. Ever since, she has suffered from recurrent patellar dislocation with spontaneous relocation.
Clinical examination revealed an inverted knee joint, but no in-toeing during gait. Her spontaneous foot position was in slight external rotation in supine position.
Patellofemoral mobility was increased compared with the contralateral side, and a positive apprehension was present on the index knee. The menisci and cruciate ligaments were without pathological findings. Additional tenderness of the medial patellofemoral complex was present. In full extension, the patella was completely dislocated (Fig. 1) . In 30°of flexion the patella glided on the lateral part of the lateral femoral condyle (Fig. 2) . Straight lateral X-rays revealed a trochlear dysplasia grade III [7] (Fig. 3) .
Femoral anteversion was measured on CT scan using the technique described by Lerat et al. [18] . Femoral antetorsion is the summation of the angle of the bicondylar line to a horizontal line (Fig. 4A ) and the angle of a line between the geometrical femoral head centre and the mid-basis of the femoral neck to the same horizontal line (Fig. 4B) . The calculated anteversion was 28.3°, while normal femoral anteversion is between 10°t o 14°[1, 16, 17, 33] . Using the technique of Jend et al. [17] , tibial rotation was 51°( 12, 17, 27, 28, 30] . That resulted in a total external rotation of 7°, estimating that mean femoral anteversion is 12°and mean tibial external rotation is 30°.
Tibial tuberosity-trochlear groove distance (TTTG) was 24 mm, while normal values are below 15 mm [2, 7, 14] (Fig. 6 ). MRI examination depicted concomitant cartilaginous lesions with arthritic deformation of the trochlea and a lateral trochlear inclination of 2°, which is an additional sign of trochlear dysplasia [6] (Fig. 1) .
Since overall rotation of the lower extremity was within acceptable limits, and patellar dislocation was the chief complaint, only a soft-tissue procedure was chosen to correct patellar maltracking. The technique utilises an ipsilateral semitendinosus graft for the reconstruction of the medial patellofemoral ligament (MPFL). The proximal one-third aspect of the patella is exposed, and a bony groove is made. Two suture anchors carrying no. 3 non-absorbable braided suture are placed into that groove. A guidewire is placed into the adductor tubercle across the epicondyles from an additional short incision. A hole of 6 mm diameter and 2.5 cm depth was drilled over the guidewire. Then, the semitendinosus tendon is harvested through a short oblique incision of 2-3 cm. The graft is then folded in half, and the centre portion is sutured to the anchors at the patella. The two free endings of the semitendinosus graft are pulled into the [10, 19, 24] .
Postoperatively, the patella had a correct alignment when the patient left hospital after 5 days. At the 10-month follow-up visit she reported on substantially decreased pain and absence of patellar apprehension.
Crepitus was absent during knee motion, and the patella was completely aligned throughout the full range of motion. The axial X-ray view at 30°of knee flexion revealed complete patellofemoral realignment (Fig. 7) . She was allowed to return to sports activity such as jogging and swimming as well as contact sports like basketball after the 10-month visit. 
Discussion
Distal torsional malalignment syndrome occurs as a result of excessive internal rotation of the femur and external rotation of the tibia, resulting in an abnormal joint motion [26] . The axis of the knee motion is medially rotated, and the patella assumes what appears to be a curvilinear pathway from flexion to extension: a J sign. This rotational malalignment may lead to patellofemoral maltracking and patellar dislocation.
In patients with patellofemoral symptoms, femoral anteversion was found to be increased [21, 32, 33 ]. Another study showed an increase in both femoral antetorsion and lateral tibial torsion [1], leading to recurrent patellar instability. Correction of two-level rotational malalignment would require osteotomies at femoral and tibial sites. Such complex osteotomies have a high complication rate (up to 15%). Peroneal nerve injuries, compartment syndrome, non-union, delayed union, malunion and infection have been reported after rotational osteotomy [3, 25] . Such a complex surgical procedure is therefore seldom justified in the face of the patient's moderate complaints, particularly if the patients have been operated on for only in-toeing and other cosmetic reasons. Delgado et al. reported on 8 patients treated without any complications [8] . None of the cases with two-level osteotomies described until now had a concomitant trochlear dysplasia. Since conservative treatment has been found to have limited success in alleviating anterior knee pain [8] , double-level osteotomy might reduce pain and improve patellar maltracking [28] . Two-level osteotomy, however, would not influence the patellar instability caused by trochlear dysplasia and would not address the torn medial patellofemoral structures. An additional trochleaplasty was contraindicated in this specific patient due to overt degenerative changes of the trochlea [4, 23] . Hence, the treatment aim of this patient was to correct painful lateral patellofemoral maltracking and to eliminate discomfort due to persistent apprehension, without exposing the patient to potential complications encountered with osteotomies. The MPFL is known to be ruptured or at least insufficient after first time patellar dislocation [22] . Cadaver studies have proven the importance of the medial soft tissue in resisting lateral patellar motion. The MPFL as a primary stabilizer of the patella contributes 40-80% of the total medial restraining force [5, 9, 15, 19] . Reconstruction of the MPFL has been advocated by several authors for patellofemoral instability as it realigns the patella more effectively than proximal or distal realignment procedures. A success rate of more than 90% has been reported in the literature with a very low complication rate [10, 11, 24] . Furthermore, a retrospective clinical study found reconstruction of the MPFL to be successful also for patellar instability with concomitant low-grade trochlear dysplasia (grades I and II) [24] . Isolated lateral release is not recommended as an intervention since it has been proved that lateral release alone can lead to medial patellofemoral instability and increased medial patellofemoral pressure [20] .
To our knowledge, no case of surgical treatment of distal torsional alignment and patellofemoral instability with concomitant trochlear dysplasia grade III has been reported so far, either with a two-level osteotomy or with a soft-tissue reconstruction. MPFL reconstruction reduced the subjective discomfort of patellar instability and painful lateral maltracking in this patient, although the primary pathologies (torsional malalignment and trochlear dysplasia) were not addressed.
There are limitations to the conclusions drawn in this case report, in that the follow-up only lasted 10 months. We are aware that a follow-up of less than 2 years is too short to report on the definite outcome of this patient. However, this excellent result at early follow-up of 10 months is promising and unlikely to change over time. If revision should be necessary in the future in case of redislocation, we would perform the two-level osteotomy with additional trochleaplasty, thus eliminating all factors contributing to the patellar instability. 
